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Matrix tasks to assess oultiple classifications and, 
i^ultiple seriation skills were administered to 150 children (40 Ss 
each from preschoolr kindergarten, first and second grade levels) . 
Each child received six ma«-rix subtasks (reproduction and 
transportation of cross classification I, double seriation^ and cross 
classification II) in one of six orders of presentation. Preliminary 
analyses indicated a general absence of significant presentation 
order effects and an absent? of sbx differences. Grdde l^vei 
comparisons wer^- significant for all subtasks except cross 
classification I transposition^ Significantly superitDr performances 
on the reporduction when compared to the' counterpart transposition 
_subtask were shown for the cross classification I (first gradp, 
second grade, and combined grades) , double seriation (kindergarten, 
first ^grade, second grade, and combined grades) , and cross 
classification II (first grade and combined* grades) cases.* The 
between, .matrix difficulties were that in both reproduction and 
transposition subtasks, cross classification II was more difficult 
than, double seriation and cross .classification I. Eesults suggested 
that development in classificatdry abilities , may lag behind 
relational abilities contrary to the structural prediction of 
orthodox Piagetian theory. (Author/SB) • • /* • 

* Documents . acquired by EEIC include many informal unpublished* * 

* materials. not available from other sources. EBIC makes every effort * 

* to obtain .the best copy available. Nevertheless, items* of marginal * 

* reproducibility" are often encountered and this affects the quality * 

* of the microfiche and hardcopy -re productions EBIC make^^ available * 

* via the EEIC Document Eeproduction Service . (EDES) . EDES is not * 

* responsible for thequality of the. original document . Beproductions * 

* supplied ty EDES are the best that can be made from the original. * 



U.S. oepaktment.of health, 

lOUCATtON 4 WELFARE 
NATIONAL INSTITUTE OF 
EDUCATION 

L JMlS. J>OCUMENX. -HAS_ .flE£N. J?.E^Ot_ 
DUCEO EXACTLY AS RECEIVED FROM 
THE PERSON OR ORGANIZATION OMGIN. 
* ATING IT POINTS OF VIEW OR OPINIONS 
' StATC O 00 NO T N ttt» *HtW V RCPBS - 



. - * ^ V 



^ SENT OFFICIAL NATIONAL INSTITUTE OF 
^i-J. EDUCATION POSITION OR P PUCY _ 



.AN^INJZB^IGATION OF MATRIX TASK 
.^^^ASsil^XdATORY AfiD SE^UATION ABILITIES 



by 



Framk H. Hcx)per and Thomas S. Sipple 



Report from the Project on 
Children's Learning and Development 

Frank H* Hooper 
principal Investigator 




Wisconsin Resecirch cmd Development 
. Center for Cognitive Leaitning 
The University of Wisconsin 
Madison, Wisconsin 
September 1975 



Published by the Wisconsin Research and Develqpment Center, for Cognitive Learning, 
suppox^ted in part as a research and development center by funcjs from the National 
Institute of Education, Dep^?*tment of Hea.llji^, Education, ind Welfare. The opinions 



expressed herein do tip t necessarily reflect 'the position or policy 6f the National 
Institute of* Educatioiv^nd no official endorsement by that agency should be inferred 

CeTriter'ContMct No. 

¥^ • - 



HE-C-pO-3-OQjS5 




WISQONSI'N-RESEARCH-AND-,DEVELOPMENT 
:ENTER-F-OR-COGHmVE- LEARNING — 



— 



for Cognitive. Leemiing is to help leeuniers develop as rapidly 
• and effectively cis possible their potjsnticd as human beings 
2md as contributing m^ibers of society. The R&D Center is 
striving to ftilfill this goal by / 

• conducting reseeurch to discover more about 
how children learn 

• developing improved instxructioncd strategies, 
processes 2md materials for school administrators, 
teachers, amd children/ amd 

• offering assistance to educators amd citizens 
which will help transfer the outcomes of research 
and development into practice 



PROGRAM 

The activftifis of i^he- Wisconsin R&D Center eure organized 
around one vmifying theme. Individually Guided Education. 



FUNDING 



The Wisconsin R&D Center is supported with funds from the • 
National Institute of Education^ the Bureau of Education for 
the Handicapped, U.S. Office of Educat;Lon; 2md the University 
of Wisconsin. ^ 



r . 




iii 



.7 

/ . 



/ 



ACKNOWLEDGMENTf 



The authors wish ^'tp acknowledge the cooperation and assis*tance 
provided by William feluege, Principal of Jefferson West Elementary 
School, Jefferson/, Wisconsin; Jessie Crame, Director of St.. Andrews 
Nursery School, Madison Wisconsin; and Linda Teclaw, Director of 
.First Gongr^egationafl "church pay Care Center., Madison, Wisconsin. We 
also wish to acknowledge Patricia Cone, John DeFrain, Nikki DeFrain^ 
and Thomas Tooiolp for their administration of tiie tasks* In addition, 
w$ ^amk Craig HoUgum for computer amalyses of t/he data. * 



-A. ■ 



r 



iv 



G ' 



■ 1 * '• . ■ 

LIST -^DF' TADLCS ' = 

'» ' — ^ Paye 

—Comp a riso n of U iH~ Reldtlve biff lc\il ties * of the^ ^ ' ^ - 
Reproduction Versus Transposition Matrix Tasks. . • . . . 5 

. Comparison of the Relative Difficulties of the 
Reproduction Matrix Tasks .... 6 

Comparison of the Relative Difficul^ties of the 
> Transposition Mdtrix Tasks • ^ , • • 7 

Numl5er and Percentage of Successful Sub^kcts, Across 
the .Younger Grade Levels, Who Exactly l^eproduced the^ 
Various Matrices ^ 8 

Number of Subjects Failing Each Dimension of Each 

Matrix Sub task for the Various Age-Grade Levels 9 

Distribution of Subjects by Grade, Sex, and Age 11 

Number and Percentage qf Subj^ts at V^ious Greuie* 
Levels Who Passed the Reproduction Subtasks)of » 
Each'Of the Three Matrix Tasks. 16 

Number and Percentage of Subjects at Various Grade 

Levels Who Passed .the Transposition Subtasks of 

Eafch of the Three Matrix Tasks 17 

Comparison of the Relative Difficulties of the 
" Reproduction Versus TrcUisposition Matrix Tasks 19 

Compcurison of the .Relative Difficulties of the 

Reproduction Matrix Tasks' • 20. 

Comparison of the Relatiive Difficulties *bf the 

Transposition Matrix Tasks 21 

Number and Percentage of Successful Subjects, Across 

the Various Grade Levels,- Who Exactly Reproduced 

the Various Matrices. . 23 

Number of Subjects Failing^ Each Diriensicm of Each 

Matrix Subtask at the Various Gradie Levels. . 24 

Number of Subjects Who Passed the Cross Classification I 
kepxoduction and Transposition Subtasks Without 
Seriating orj Brigl\tness of^Color Dimension.". 25 
• **• 

«■ vii 

^ 8 ' ' 



Table 



-ERIC 



.6 
7 



10 



11 



12 



13 



14 



Double seriation Subtasks ,i) 28 

Cross classification I subtasks. . . . . 29 

Cross classificati&n II subtasks 30 

Reproductioit' subtasks. 31 

Transposition subtasks • • . . 32 



r. 



ABSTRACT 



Matrix?' ^asks to assess multiple classificatior). and feultiple' 
seriation skills were administered to 160 children (40 subjects from 
each of four levels — preschool, kindergarten, first, and second grades). 
Each child received six matrix su9tasks (reproduction and transposition 
of cross %classification I, double seriation, and cross classification II) 
in one of six orders of presentation. Preliminary analyses indicated a 
general absence of significant presentation order effects' and an absence 
of sex diffei^nce^. Grade level comparisons were significant for all 
subtasks except cross classification I transposition. Significantly 
superior perf ormances£?on the repijoduction' when compared to the counter- 
. part transposition jsubtask were shown ►for the cross classification I 
(first grade, second grade, and combined grades), doubld sericijtion 
(kindergarten, first-grade, sec6nd grade> and combined grades), and ' 
cross classification II (first grade and combined grades) case^. 
The between matrix difficulties were: (1) reproduction subtasks — 
cross classification' II > double seriatio^ ^ cross classification I; 
and (2) tremsposition subtasljs — cross classification II > double 
seriation = cross classifiJ6ation I. 

These results (1) confirm the previous findings of Bruner & Keilney* 
(19B6) , MacKay, Fraser, & Ross (1970), and Hodper, Sipple, Gtoldirtah 
, Swinton ( 19 74 )\. concerning the generally lesser difficulty of matrix 
reproduction compared to transposition; (2) are dn contrast to the pre- 
vious research of MacKay regarding the difficulty of class and series 
matrices; and (3) suggest that development in crlassificatory abilities 
may lag behind relational abilities contrary to the structural predictions 
of orthodox Piagetieui theory ».< * ^ 
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Among the more compbnl^ acknowledged behavioral ii>diCes of concrete 
operational thought, . according to Piaget,, is "the ability to deal with 
multiplicative classes and relatipns. Assessments of these abilities 
1iave frequently utilized matrix-type formats, Ttuis, cross classification 
abilities with discrete, categories (e.g., Inhelder & Piaget, 1964, 
pp. 151-195) and double seriation understanding with continuous dimen- 
sions (e.g.^, Bruner & Kenney, 1966; pp. 154-167; Inhelder & Piaget, 1964, 
pp. 269-274) have been investigated. Task format and instructional S6t 
vatiations have been found to, influence children's performances on cross 
classification matrices (e.g.^ .Overton & Bfodzinsky, 1972; Overton & 
Jordan, 1971; ^Smedslund, 1||^4, 1967a, '1967b) . A number of normative 
studies Employing a steindardiz'ed measure of multiplicative classification. 
The Raven Progres'sive Matrices Test , have beeh conducted (e.g., Shantz, 
1967; Sigel, 1963; Storck, 1974; Zelner , 1974) . , .' " 

Studies of multiple seriation skills include* Hamel & Van der Veer ' 
(1972) ; Lagatutta (1970); Lovell'^ Mitchell, & Everett (1962); Shantz 
(1967); Smedslund (1964); and Steiner (1974). In addition, attempts 
hdve been made to devis^. instructional strategies, directed toward 
furthering children's matrix classification understanding (e.g., Caruso. 
& ResniCk, 1971; 'Jacobs, 1966; Jacobs & Vanderyienter , 1968, 1971a, 197lb; 
Parker, Rieff', & Sperr, 1971; Parker, .Sperr, & Rieff , 1972; Shanty & j 
Sigel, 1967) and matrix seriation skills (e.g., Shantz & Sigel, 1967; 
Steiner, 1974) . ' ' . 

Piagetian theory predicts a close developmental "relationship between 
multiplicative class and relations abilities during the concrete opera- 
tions pery>d pfLjaffiddle-childhood. This follows directly from the funda- 
mental within-stage correspondence assumption; i.e., the conception of 
stage as represtenting a BtructUPe ensemble <cf . , Brainerd, 1972) 
Flavell, 19.63, U970; Hboper, 1973; Hooper fi-Klausmeier, 1973; Pinard & ^ 
Laurendeau', 1969;? Wohlwill, 1963, 1973)." In particular-, Piaget has con- 
sistently postulated developmentafl synchrony for performances on task 
settings derived , from the qlassif icatory and relational gvonpenjenta (cf . , 
Inhelder & Piaget, 1964, pp. 2.78-290; Piaget, 1965, pp. 240-243; 1970a, '. 
pp. 723-727; 1970b, pp. 24-27 aiid ^5-66). I ^ . ^ 

There have been ja relatively small number of previous studies which 
have examined the developmental interrelationship among multiplicative 
classification and JCQlationality abilities. The majority of these inve^- 
tigation^ have utilized crosi^'-sectiohal assessment designs (see Bingham- 
Newman, Saunders, & Hooper, 1975/ Stephens, 19 72:^ and Wohlwill, Devoe, & 
Fusaro, 1971 fbr examples of longitudinal assessments). Lovell et air 
(1962) included me&sures of matrix double seriation (multiplication of . 

7 . • 



^ asymmetric transitive relations) and cross classification 'txi a series of 
' " task administrations designed to replicate the earlier Inhelder & Piaget 
(1964) results. They concluded that stage three operat^'innal moKnii-y 
^^^^^e^ these tasks at about the same time ,in primary school' children, 
altftiough no direct iritfer-task comparisons or associatP>d Infprenc*^ tests'^ 

vere conducted (i.e., Lo y^ll et ar:,<19'62, Table. 2, p. ^178). 

^ -Igmedslund „nW41^oimdMbSat^ e ^ assxf i^1:iDn-:^nd--~> 



relationality were_6f approximately equal difficulty for a sample of 160 



Children ranging in a^e from 4 to 11 years; i.e., 81 percent of th^ chil^ 
dren eithfer passed or failed both tasks. ' Shantz '(1967) compared the . per- 
formances of childfen 7-1/2, 9-1/2, ^and 11-U2 years old on multiplication 
of classes (assessed by the Raven Colored pjPfre^sive Matrices Test) , 
multiplication of relations (assessdtd by.dsi^ the ''diSgonals^ of 4x4 
matrices based on various continuous dimensions), apd multiplication of 
infralogical spatial relations\ (assessed in an adaptation of Piaaet'>< 
landscape task) . Significant rank order correlati6ns between the^^(alti- 
plicative class and relational matrix tasks' were found for the two older * 
subsamples. ^ _ ■ . 

In another cross-sectional* assessment design study, Lagattuta (1970) 
. ^ examined children's abilities to deal' with, unidimensional classification 

and seriation (relationality) and matrix format multiplicative classification 
and seriation tasks. It wa'^ found that a' child first develot)sM 5-1/2 *' 
years of ^ age) the ability, to classify a simple arrangement; somewhat later 
(5-1/2 to_6-l/2 years) the child can successfully deal v)ith a multiple 
classificatory matrix. Concurrent with this latter acquisition, simple 
serial skills aevelop (6-1/2 to 8-1/2 ir.ears of agfe) , while the ability to 
i successfully order a ^serial matrix was shown by the older subjects (8-1/2- 
yea'rs) only. It' was tei||atively concluded, in apparent contrast to 
Inhelder &• Piaget (1964), that classificatory .skills develop independently 
of ^nd prior to^seriatioh skills. Comparisons of first and second grade 
children's multiple classification and seriation performances (matrix "task 
formats) are repprted by Hamel & Van der Veer (1972)/ Significant positive ^ 
'^^^'^^f ^correlations were obtained for both the younger (.72) and oldet (:66) 
'stibsamples. * ^ , , •* ^ ' 

^ r ^ MacKay, Fraser, & R©ss (1970) , drawing upon the earlier work of Br.uner'^ 
U^Ke^nhey (1966) and Inhelder & piaget (^64) , cpmpared the relative dif- 
l^ittilties of multiple classification, mult;ipje Seriation, .^nd ccjmbined class/ 
.series matrix tasks ' for groups pf children^, to 8 years of age.- Each chiM 
pe^-formed on pne of the tasks arid was required to reproduce knd to transpose 
the presented matrix. The comparisons regarding multiple* classification and 
seriation were derived from" an initial experiment involving 90 childreri, 
while a second experiment assessed performance of an additional group of 48 
chilc^ren on the class/series maliri;c. As anticipated, performances on all the 
tasks improved sighificantly over the age interval assessed. Matrix repro- 
duction was easi6f than t^ransposition for the multiple seriation and multiple 
' a ss /series ^cases., and this was most notable for the younger (5 *:o 7 year t 
- old) subjects, ^^tombining data from" the two samples, it^was shown* that . 

reproduction of 'a multiple seriation matrix was more difficult than reproduc- 
^ tion of a class matrix which was, in turn, more difficult than the class/serjLes' 
case.^ Transposition 'of the seriation matrix was of greater difficulty than*, 
either of the Other matrices. Transposition of the olass and combined class/** 
Series task was of approximately equal difficulty. It was concluded that:' 
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1. The ability to construct a matrix composed of discrete 

categories is developmentaily axi earliex acqxiisdtion 
, * than the ability to construct one con^xjsed of relational 
variables. * • ' 

^ matrix con^sed of^ discrete categories in both directions 
, is af equivalent difficulty to one construct.ed of discrete 
categories in on^* direction and a relational vaSriable in 
- tS6 other. 

3. A matrix con^sed of discrete categories is no ^re easily 
reproduced than it is transfXDsed, while matrices where , 

• either one or both variables are continuous are more easily 
0 reproduced than transposed. ' ^ ' 

4. The^great majority of children under each condition who 
reproduce the 'matrix do so as it is presented (MkcKay 

et al., 1970, p. 795) \ " * ' ' 

• ' . * ' ^ ' 

These resiilts were essentially replicated in a study of 23 severely srab- 
fnonnal .adiilts (average M.A. of 6 years), although the lesser difficxilty, 
^ of the reproduction tasks compared to the transposition tasks was not' ^ 
found. ^ 



The immediate precvirsory investigation to' the present study attec^t^d, . 
to replicate the MacKay et al. (1970) findings. As part of a Ijirge scale , 
investigation of children's classificatory abilities. Hooper, plpple, Gold- 
maiT, & Swinton (1974) utilized identical mat;rix reproduction cuid tra«spor *^ 
sition tasks to assess the logical mxiltipli,cative abilities of 40 subjects' 
at each of seven age levels r preschool, kindergarten, fi^st,, second, 
third, fourth, and sixth grades (overall N=280) . There was 4 significcuie ' 
i|icrease in ,the number of subjects passing each of the matrix subtasks 
across this age-grade range. Con5>arisons across a mc?re res trie te<i age 
range comparable to that found in the MacKay et al. (1970) study~i.e., - 
preschool (m^an age, 5 y^ars) to second grade (mean age, 8 years 2 moaths? — 
were also cstrried out. For.*each reproduction an^ trcinspositipn sxobtask 
there was a significant, increase in the proportion of successfxil , subjects; 
i.e.*, , all x2 values *fexceeded 9.40, df - 3, .< .025.. This is essentially 
similar to the findings of the earlier investigation. 

^Ih the MacKay et al. (1970) study, t^^anspositicn of the matrices . » 

Which involved a continuous dimension (dovible seriatioi^ and class/series) 

"was a significantly more difficult task than reproduction. Examination 
of the Hooper et al. (1974) matrix pas,s/fail frequencies reveals a con- 

^ cdrdant pattern of relative task difficvilties. - Chi-square comparisons of * 
the number of successfvil subjects on the reproduction subtask versus the 
transposition "subtask of the double seriation matrix^ ^^howed the former to 
be significantly easier at the f>reschooi. (27, vs. 12),* kindergarten (28 vs. 
13), and first-grade (^38 vs. 24) leyels. Combining .the preschool through 
second-g rade su bsamples (N=16-9)^,^l'30 children passed th.e reproduction case, 
and 79 passed the transposition suli^sk (x^ = 35.88, d£ = 1, £ < .001^, 

.Similar *con^aa:isons for the class/series matrix also revealed ' reproduction 
to ^e the easier ^task; i.e., the frequency of passing subjects for repro- 

^ duction versus transposition for the preschool to second-grade subsamples 

*Wcis 33 versus 21, 37 versus 25, 38 versils 34, and 40 versus 31, and the 
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total frequencies were 148 versiis 111 (x2 = 27,73, df = 1^ .£'5 •001) for "Oie 
coni)ined younger subject sub'san^les. In contrast, there was no significant 
difference between the number of succesjsful reproduction versus trcuispo- 
sitiori cases for 'the cross clas.rflfication matrix at any of the separate age- 
grade levels, although the coir5)arison for the 160 children in the con^site 
younger group-- 103 passed the reproduction subtask and 85 passed tlje trans- 
,position subtask (X^ = 4.18,. df = 1, £ < ♦OS) —was margiiiklly significant. l<i 
the preschool through second-grade con^site sample, combining all the repro- 
duc^on and transposition cases for the three matrices indicated that the 
former task wa^ significantly easier, i,e., N = 480 with 381 versus 275 passing 
cases ^x^ = 54.09, df =^3, £ < .001). 

A more direct comparison of the relative difficulty of thfe reproduction 
versus the transposition matrix spbtasks is jshown in Table 1, (Note that 
for Tables 1, 2, and 3, the comparisons within grade levels are binomial 
tests with one- tailed probabilities for Table 1 and two- tailed 'probabilities 
for Tables 2 and 3^ The compos-ite subsan^le comparisons are McN^Tn^r Tests 
for the Significance of Changes; with associated X? ^^lyes and one-tailed 
probabilities for Table 1' and ti^^o-tailed proba|b3,lities for Tablesi 2 and 3^) 
All of the* within- grade subsain^e comparisons 'on ^double'seriert^iorf signifi- 
cantly favor the easier reprodyicftipn task, and oiily the ^first-grade suBsau^le , 
comparison fails to indicate a similar significant ^ relative difficxilty pattern 
for the class/series matrix. For the cross classij^ication^ mattix^ only the . 
first-grade sxabsample cuid the cGl4>osite "preschool to secopd-gr4de sample com- 
parison reach significance. It was concluded thad matrix' reproduction is 
significantly easier than matrix /iransposytion, aiid this was particxilarly 
true for the double seriation an^ class/series ma€rices^ 

In considering the relative difficulty of the three basic matrix ''types ^ 
the reproductron an'd't:ran'sposit^pn "ca separately (Hooper ' 

et al., 1974, pp. 40-43).' The relevant coit5>ari^ons for the reproduction case 
are presented -in Table 2. Considering initially the three matrices together, 
Cochran Q values for the number 'of ^passing subjepts were 17.04 (preschool), 

f^^^®^^"^^^^ ' 10»89 (first grade) , and 9.25 (second grade) , indicating 
significant dif ferences^^bross tiie , matrix^ reproduction subtasks (all probabil- 
ities less than .01). S^productioft of the cross classification matrix -was 
significantly more dif fifcuTt^an the counterpart class/series case at all of 
the younger age-grade l4vels and in terms of the composite "sample. A similar, 
case of relatively greater task dif ficxil.ty for cross classification coii5>ared 
to double -seriation is also shown; i.e., only the second-grade coit5)arison 
fails to reach an acceptable significance level. FdCnally, the double aerii- 
tion reproduction task appears to be of significantly greateir difficulty 
than the class/series reproduction 'case, amd thi^ is most notable at 'the 
preschool -cUid kindergarten age-gr^de ;Levels ^ere a suff|:cient ctegi?ee of 
inter-task variability (absence of ceiiing effects) permits dir^t comparisons. 
Ihusy the relative task difficulties for the three matrix reproduction cases 
are as follows: cross classification *> double seriation > class/series.. 

In the matrix transposition task* case, the relative difficulties arje 
somewhat less distinct (see Table 3). Considering^ initially the three, 
matrices together, Cochran Q -values for the number of passing subjects were 
7.88 (preschool), 9.91 (kindergarten), and 9.94 (first grade), indicating 
significant differences across theJmatrix transposJLtion subtasks "(all proba- 
bilities less than .05) . The double seriation transposition task is clearly 



Comparison of the Relative Difficulties of the 
Reproduction Versus Transposition Matrix Tasks-/ * 
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(from kboper, Sipple, Goldman, & Swinton, 1974/ p. 41) 
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TABLE 2 



- Coqpart^on of the Rela'tive Difficalties of the 
Rjapro'duction Matrix Tasks 
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TABLE 3 

Comparis(fn of the Relative Difficulties of the, 
^ Transposition Matrix Tasks 
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2 


13 


First Grade 






+ CST ^ 




DST _ a 


.CCT + 


17 


• 8 


CCT + 




0 


CST + 


23 


11 




'7" 




- 9 - 


- -e- 




1- 


-5- - 



Second Grade, 

CCT + 



DST 



CST 



DST 



24 


4. 


CCT + 


2$ 




CST + 


25 






6 . 




5 


„7.. 






4 



Combined / 

CCT + 



DST 



5? 


, 27 


21' 


, 54 



CST 



CCT + 



77 


8 , 


34 


41 



a • 

CST + 



DST 



70 


41 


9 


40 



*J2< .01 (two- tailed) • 

(from 'Hooper/ Sipple, "Goldman, & Swinton, 1974, p. 43) ^ ' * 
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pore difficult than the class/series matrix case. In addition, the cross 
'classification transposition vtask is also of greater difficulty than the 
class/selries countei^^t, at least insc^ar as the preschool, first grade, 
and ovenall composite s^ujtple dpmpar^ons are concerned. There is obviously 
■very litltle difference irith^ TC^^iv^<ltrcUisposition task difficulties for 
the cross classification and tIrtk,^<^t3Dle seriation matrices. Thvis, the rela- 
tive tajik difficulties for -the tjiree matrix traiis^ibsition cases are as 
follows t cross classification r double seriation > class/series. 
, Returning to the reproduction tsisks again, Tcible 4 presents the num- 
ber an^i! percentage of children who passed the reproduction tasks and who 
exactly reproduced the various matrices as originally presented to them. 
The percentages for the various' composite sample totals — i.e., 78.6 per-, 
cent, 80.4 percent, cuid 98.5 per'dent for the crpss classif ioation, class/ 
series, and double seriation matrix cases, respectively — closely parallel 
the earlier results- of MacKay et al. (1970, pp. 793-794). 



TABLE 4 

Number and Percentage of Successful Subjects, Across tfiS^^^P 
Yoi|nger Grade levels, Who Exactly Reproduced the Various Matrices 



Cross Classification 



Classification Seriation 



Double Seriation 





\ No. 


Exactly ' 
Reproduced 


» < — 

' No-."- 


E)cactly 
Reproduced 


No. 


Exactly 
Reproduced 


Grade . 


Passed 


No. 


% of Passing 


Passed 


No.^ 


% of Passing 


Passed 


No. 


% of Passing 


Pre 


\7 


9 


. 52.94 


33 ' 


22 


66.7 


27 


27 


100 


K 




13 


^59.09^,, " 


37 


32^ 


87^49 ^ 


28 


28 


iOO 


1 • \ ^ 


31 


29 


*93.55._^) 


38 


29. 


76.32 


38 


36 


^ '94.74 


2 


33^ 


30 


90.91 


40 ^ 


* 36 




37 


37 


100 


Composite 


ioa\ 


81 


78.64 


148 * 


119 


.^80.41 


130 ^ 


128* 


98/46 



(from Hooper, Bipple, Goldman, & Swinton, 1974, *p. 44) 



Table 5 presents the types af ^xj'or responses (dolor vs. shape, , 
color vs. height,, and. diameter vs. hei^ht).\.for .the matrix performances. 
The predominant error catecfory for the cross ciassif icatory tasks is 
color misplacement; i.^., 67.50 percent and 37.14 percent of the repro- 
duction and transposition 'error cases, respectively, for the overall 
* comt^ned sample. In contrast, for the class/series matrix tasks the 
^ presept children made more errors orv. the height dimension (66.67 percent 
' and.65.'43 percent)- than on the color dimensiori (33.33 percent and 34.57 
^percent) . Misplacements based on hei^t Were also the predominant error 
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category (contrasted with the width or diameter dimension) for the double 
seriation cases; i.e., 66.22 percent emd 64.62 percent of the total sample 
error cases for the reproduction and transposition tasks, respectively. 
This latter tendency contrasts with the previous findings of MacKay (1972^^^ 
p. 601) which indicated that correct responses on the double seriation 
transposition task were more* likely to focus upon the height dimension than 
upon the diamete^^ dimension. 



TABLE 5 

Number of. Subjects Failing Each Dimension of Each 
Matrix Subtask for the Various Age-Grade Levels 



■Cross Classification Classification Seriation , \ 

Repro- Trans- Repro- Trans- Double Seriation 

dugUPn PP?tUoo ductlon position . ' Reproduction Transposition 





color 


shape 


color 


shap€ 


color 


height 


color 


height 


diameter 


height 


lia meter 


[height 


Pre 


21 


11 


19 


19 


3 


7 


8 


19 


9 


11 ^ 


11 


28 


K 


13 


7 


18 


13 


^ 1 


3 , 


9 


13^ 


4 


. 12 


17 


. 24 


1 


7 




10 


8 


: 1 


2 


1 


6 


1 


2 


'7 ' 


8 


2 


6 


3 • 


10 


5 ^ 


' 0 


"0 


^ 4' 




2 


3 


'5 " 




com- 
posit 


47 


23 


57 


45 


5 . 


12 


22 


46 


16 


28 


.40 ' 


74' 



(from Hooper, Sipple, Goldman, & Swinton, •l974, p. 44) 



The fact that the Hooper et' al. (1974) results sxabstantiate the pattern 
that reproduction tasks are significantly less difficult than transposition 
tasks as found by Bruner Kfenney (1966) and MacKay et al. (1970) i>resents 
some assurance that we are indeed dealing with similar behavioral phenomena. 
In this regard, while the resiilts. concerning the comparative difficulty of 
cross class and the double seriation matrix qages disagree rather*- sharply 
with MacKay et al. (1970), the data are in ge^^»l accord with the original 
research of Bruner and Piagjst. Biruner & Keniiey tl966j, p. .158) found that 
60 percent of the 5 year olds, 70 percent of the 6 year olds, and 80 percent 
of the 7 year olds could successfully reproduce the double seriation matrix. 
The comparison per^ntages for the Hooper et al.^ (1974) appropriate age-grade 
groups are 67.5 percent, 70 percent, and 95 percent, respectively. For thfe 
double seriation trcmspositidn case, the comparison percentage Values are in 
less, clear agreement; i.e., 0.0 percent for Bruner and Kenney vs. (30 per- 
cent), 28 per.cent (32 ^percent) , and 80 percent (60.6 percent) for the 5, 6, " 
*and 7 year old subjects. In similar fashion, although Inhelder and Piaget 
did not .utilize any direct counterpart to the present reproduction and trans- 
position subtasks, their contention tha€ "children reach an operational level 



in the multiplication of series about the same period (7 to 8 years) as 
cross classification. (1964, p. 278)" agrees with the present case of 
equivalent difficulty for cross class and double sertPiation transposition • 

The present investigation was designed in accord witji two general 
objectives: (1) to assess -the reliability of the Hooper et al. (1974) and 
MacKay et al, (1970) results cdncejgjing cross classification and do\jble 
seriation matrices, and (2), to assess the Relationship of these measures 
to a new cross classification task which utilized the double seriation case 
stimulus materials. Subject sampling procedures and reproduction/ transpo- 
sition instructional sets were identical to those reported i,n Hooper et al. 
(1974) . In accord with the contentions described above, it was predicted 
that:. (1) performance on all of the matrix tasks would be-positively re- 

. lated to age-grade level, (2) all reproduction matrix .tasks would be of 
lesser difficulty than their tremsposition counterparts, (3) the inter- 
matrix order of diffic\alty for the reproduction case would be cross 
classification II ;> cross classification I > double seriation,, and (4) the 
inter-matrix order pf difficulty for the transposition case *would be cross 

^classification ll > cross classification I = double' seriation. 



METHOD 



SUBJECTS 



Siibjects^ for the study were school children from the Jefferson afid 
Madison, Wisconsin, school districts. Forty Ss were drawn from each of 
four grade levels: preschool, kindergarten, first, eind second. .Distri- 
bution of the svibject population by age euid sex is given in Table 6. 



TABLE S • 'A . 

; - ' ■ • ■• ' 

Distribution of Subjects by Grade, Sex, and Age 



Grade 


Svibjects 


Males , 


Females 


Meeui Age 

V 


Range 

1 


pre 


40 ,7' 


20 






' 3-8 to 5-2 


K 


40 


20 • 


' 20 . 


\' 6-1 


5-6 to 6-9 


1 


40 


19 


.. 21 


7-5 


6-10 to 8-3 


2 


40 


20 


20 


..J 8-3 


" 7-8 to, 9-2 



MATERIALS \ . . 

t* \ 

Each matrix task was pranged ion a square wooden board sectioned so 
as to produce nine individual squares each 110 x 110 millitaeters • 

a. Cross Classifica'tion I Matrix 

^ 'stimuli were three i5qu£u:e wooden blocks, three circle blocks, 

cmd three^ triemgle blocks. One block of each shape yas red, 
one was yellow, cmd one was blue* 'Each bloc]^ had a circtmi- 
ference p£ 204 millimeters and a thickness, of 10 millimeters. 
The blocks were arrayed^ on the color and sKap^ dimensions. 
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b« Double Seriation Matrix 

Stimuli were nine cylindrical wooden blocks; three were 
100 millimeters high, three were 75 millimeters high; and 
three were 50 millimeters high. One block of each -height 
had a diameter of 100 millimeters , one was 65 millimeters 
in diameter, and one was 35 millimeters in diaimeter. All 
the cylinders, were blue.* The' blocks were arrayed^on the 
width and height djLmensions. 

c. Cross Classification II Matrix 

Stimuli were identical to those for the double seriation 
matrix. The cylinders wer-e located such that within each 
row the height remained constemt, and within each column 
^-the diameter remained constemt. However, neither dimen- 
sion was seriated across the rows or columns of the matrix. 
Thus, by definition, this task is distinguishable from the 
double seri'ktion matrix^ described previously, which in- 
volves, the multiplication of .asymmetric treuisitive relations^ 



PROCEDURE ^ ' \ 

Three majtrix tasks were adapted to assess th^development pf the 
abilities of multiple classification emd multiple seriation.. The tasks 
were presented in one of the six possible orders of administr4tion.^ 
However, the order of administration of a replacement, a reproduction,, 
and a transposition subtask within each matrix was always fixed in that 
order. . - 

Instructions were identical for each matrix. 

a. Replacement 

£ removed first one, then two, emd finally three (diagonally 
jilaced) blocks from the matrix, and e^ch time £ was asked to 
put theift back where they were before E removed th^m* s - 

Reproduction^ * * ^ ^ 

retioved all the blocks -from the matrix, and £ was asked to 
. put them back so the board looked just the same 'as it did be- 
fore removed them. 

c. Tremsposition - ^ 

E^ removed all the'blqpks from the matrix and then placed the 
block that had originally occupied the lower left-hcuid posltioiv 
(of the S) ihtthe upper left-hcuid posi^tion. (For the crosis. 
^ classification 11 case, E placed the block that had originally 



Due to an ^fdrtunate j)roce^ural error," the litmiber of .,Ss assigned to two^ 
of -the six"dif ferent orders of administration riso:' the three matrix tasks 
Wias much, s^aailer them to the other orders. 




occupied the middle-right position (of the £) in the 

center position.) £ was then asked to place the blocks 

on the board so »they made a "pattern like they did before." 

In order to pass the cross classification I matrix reproduction sub- 
task, a subject was required to classify one dimension in one direction 
and the other dimension in the other direction. > 3? n order to pass the 
double seriation matrix reproduction subtask, a subject was required to 
seriate one dimension in one direction and the other dimension in the 
other direction. In order to pass the cross classification II matrix 
reproduction subtask, a subject was required to classify the height , dimen- 
sion in one direction and me width dimension in the other direction. In 
order to pass. each of the transposition subtasks, a subject was required 
to fulfill the same criteria as for the reproduction cases without moving 
the replaced block.. 




Ill 

RESULTS 



Initial considerations concern the evaluation of order of presentation 
effects and possible sex differences in the children's matrix task perfor- 
mances. Deleting the two orders containing substantially lower numbers of 
subjects, significant order of presentation effects were notably absent, . 
with one exception. Thafc is, none of. the fifeguencies of subjects p4ssing 
each of the six' sub'tasks were effected by the, orders in which th^y were 
presented ,^^-«tcet)t the cross classification II involution sub task. A 
notably higher proportion of Ss passed this task within the two orde'ts . 
where" the cross classificati)* ir task was presented last in the serie§: 
31 percent passing (cross classification I, double seriation, cross 
classification II) and 36 percent passing (douhae seriation, cross class- 
ification I, cross classification II). in <*ntrast^ to 7 percent (cross, 
classification I, crogs classification," II ^ double seriation) and 14 per- 
xrent<' (cross classification II, double s,eri'ation, cros,s classification I) 
passing. Oii-square " comparisons of the frequency of male versus female 
subjects who passed the various mktrix Ws (see Tables 7 and 8) were con- ^ 
sistently nonsignific^t^ for iSoth'. the f^^oduction and transposition cases, 
■consequently the ^jale and,- female subsamples were. combined for all later 

sihalyses. ' , ' . ' * , \.- a ~ 

The frequency- and, percentage of .^sub jj§cts-^ssing the reproduction an,d 
transposition subtasks acrops the prelep* age-g^de range are presented in 
Tables 7 and 8. ' As anticipated there was a notable, positive relationship 
between ag^-grade level and the number of subjects passing the various matrix 

'tasl^is. . J 

V The chi-square comparisons of passing frequencies across the four grade 
levels were signific^t with dne exception— i. e. , for the reproduction' cases, 
double seriation x2 = 20.51, M = -3' E < classification I, = 

12.28, df = 3, £ < .01; cross classification II, x2 = 36.43,' df^= 3, £ < .001 

and for the treinsposition cases, double seriation = -12.38, df = 

3, £ < .01; cross classification 'I,. X^ = 5.30, &f_ = 3, N.S.; cross / 
classification.il, x2 = 20.77, df = 3,'£< .^01. These age perform- ) 
ance trends are also shown in Figures 1 through 5. Pair-wise, compari- 
sons between the various grade le'vels resulted in the following I. 
'significant distinctions. • l ^ 

^ . Reproduction Cases 

Double Seriation: . ' 'Pre vs. 1st gr.> = 8.72, df » 1,^£ < .bl 

' - Pre vs. 2nd gr. , = 18.06, df = 1, p fc .01 

. / Kdg. vs. Ist gr., X = 3.85, df =^1,£< .05 

2 

Kdg. vs. 2nd gr., X = 8.58, df = 1, £ < .01 

' ^ ' - . • 15 ' ^ ' 
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~ - -Gross Classification I: ^re vs. -2nd>.gr./ ^ = STSsT^^ 1*, ^ < .01 ' 

Kdg* VS-. 25id.gr.-, =.9.90,-df = 1,^ < .01 
Oross Classification ll': Pre vs. 1st gr,, = 22.03/ df « 1, ^ < .01 

1 ' - Pi^^'VS. '2nd gr., -X^i. -.27.58, df ^ 1, p'< .01 

Kdg* vs. Ist-gr., JT = 9.14, df = 1, p < .01 
Kdg. vs. 2nd gr.,"X = 13.33, df = 1, £ ^ .01 

" Transposition Cas.es ^ 
Double Seriation: ' Pre vs. 1st gr,., = 6.27, df = 1, < .05 

-. ' . Pre vs. 2nd gr.,.'x^ = 8.57, df = 1, p < .01 

Kdg^ vs'. 2nd gr. , »^ = 5.70, df = 1, p < '.05 

Cross Classificatidn I: . Pre vs. 2nd gr. , = 4.27, df = 1, _£ < .05 
Cross eradication II: Pre vs. IstgiT., X? = 5^54, p < .05* 
. 9^*' = 13.07, p < .01 

Kd^-' vs.' 1st gr., X^ ="5.54,' p < .05 ; 
• ' ''f Kdg. vs". 2n€l gr., = 13.07, p < .01 

^- '■ 

^ The relative -^difficulties of the reproduction tasks contrasted with 
the transposxti6n c^ses are presehted in Table 9 (note that the probability 
^_A^lu|s^asspciated with the McNemar Tests for the Significance of Changes 
are for one-tailed inference tests in' Table 9 and for two-tailed inference 
tests in Tables 10 and 11) . it may be noted that the reproduction tasks are 
consistently of lesser difficulty. . - 

The inter-matrix reproduction task relative difficulty comparisons are 
presented in Table 10.; As>iridicated, there is very little difference be- 
tween the cross classification I and double seriation reproduction tasks. 
Each of these measures is significantly easier than the cross classification 
II task: at ttie preschool level and in-terris of the combined sair5>le passing- 
frequenpxes. These coii$)arisons s^ggest the^ following ojrder of difficulty 
for the three matrix reproducl26n Casks': ^ross .classification II, > cross 
i" classification I = double seriation. . ' 

The corresponding. coniJarison values fj^^he transposition task cases - 
\ are shown in Table 11. m $his insftanceltfs.ov. the double seriation and 

are -consistently easier them the cross class- 
ification II. case;- although. only the preschool, kinder^krten, and cdttbined 
san^le comparisons of cross classification versus cross clas-sification II 
reach acceptable significahce levels. This would suggest the following order 
of difficmty for the JJiree matrix transposition tasked' cross classification 
II > c^psfe^classification J. •= double seriatidn.- ^' i 
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. ^ ' • TABLE 9 - " ^ 

* • . 

Comparison of the ReUtfve "DiffTc^ T~' 
* ' of'^the 
ReproiJuclion Versus' Transposition Matrix Tasks 



Grade Level 



DSR X D6T 

^ DST * 



CCIR X CCIT 
CCIT 



CCIIR;^feCCIIT 



CCIIT 



Pass 



Preschool 



DSR 



Fara 



Kindergeurten DSR 



Paiss 



Fail 



First 



\ Peiss 
DSR . 
Fail 



P21SS 



Second 



DSR 



Peiss FauLl 



i^ail. 



Combined 



. Peiss 
DSR 
Fair 



2 


8 


■ 4 


. 26 






PelSS 


Fail 


.' 4 


12 


4 


■ 20 


• 

PelSS 


Fail 


14 


9 


■■ 2 


15 


Pass 


'/ 

-Fail 


14 


15 


.4 


' 7 




/ 


Pass 


Fail 


34. 






:^ 66. 


t ^ 



P21S9 Fail 



Pass ^ Fail 



Peiss 



CCIR 



Fail 



* J Pass 
CCIR 

Fail 



10- 


•6 




23 


P^s 


Fail 


8 


7 






4' 





Pass 



CCIIR 



Fail 



P2tss 



CCIIR 



Fail 



1 


, 1- 


2 


36 


Pass . FeuLl 


0 


8 


3 


29 



Pass Fail 



Vass Fail 



Peiss 



CCIR 



Fail 



Peiss 



CCIR 



Fail 



Pass 



CCIR 



Fall: 



14 


■ T 


1 


18 


Pass 


Fail 


18 


11 


2 


9 


Pass 


?ail 


50 


31 


"8 


' 71 



Pass 



-CCIIR 



Fail 



Pass- 



CCUR 



Fdil 



Pass 



CCIIR 



Fail 



10 . 


LI 


1' 


18 


Pass 


Fall 


12 - 


12 




11 


Pass 




23 


' 32 


11 


94 



'a 
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i BJC; . ; ; . 



2-8 ^ 



20 



O 



V • • 



• TABLE 10 

Comparison of the Relative Di-fflcul /Tes 
of the • 
Reproduction Matrix Tasks 



Grade Level 



DS X CCI 

cx;i 



DS X ecu 

ecu 



CCI X ecu 
'ccji 



PclSS 



Preschool 



DS 



Pail 



Kinderga^en 



.PclSS 

•DS 
^Fail 



Pstss 



First 



DS 



Pail 



Paiss 



Secoijd 



D& 



Pail 



Petss 



Coinbined 



DS 



Tail 



Pciss Pail 



6 


4 


10 


20 


PclSS 


Fa-ii. 


6 


10 


9 

f 


15 


PclSS- 


Fail 


12. ' 


11 


9 


8 


Pass 


Fail 


21 , 


8 


8 


3 




Fail 


45 


33 


36 


46. 



PclSS PcdLl 



PclSS 



DS 



Pail 



Pass 



DS 



Pail 



Pass 



DS 



N 



Pa^ 

Dg \ 
.-Fail 



Pass 



DS 



2 


8 


0 


30 


Pass 


Fail 


2 


14 


6 


18 


Pass 


< 

Fail 


13 


10 




9 


PclSS 


\ 
Fail 


19 


10 


5 


' 6 


Pass 


Fail. 


36 


'42 


19.-. 


63^J 



PclSS 



CCI 



Fail 



PaSs 
CC^ • \ 
Fail 



Pass. 



CCI 



Fail 



Pass 



CCI 



Fail 



^Pass 
CCI 

Fail 



PclSS 


Fail 


1 


15 


1 


23 


Pass 


Fail 


3 


12- 


'5 


20 




Pass 


Fail 


11 


10 


1-0, 


. 9 


Pass 


< 

Fail 


18 


11 


6 




Pass 


Fail 


33 


48 


22 


57 



ap <- • 01-) - 

< ••OS inference ' tests 



29 



21 



, . " • • ■ .TABLE n . 

Cpmparis)(Klof~the ReTO 
,J ..of the- '"H-^ -- 

■"" •> . Transposition Matrix. Tasks 







-ps :x cci 


- - - » 


ps' x^ccir- - 




^cci X ccii ) 


Grade Level 


















CCI 




, ^ , cx:ii 




, ^ CCII 

/ ... 



Preschool 



Kindergarjien 



1^ 



cond 



Pass Fail 



Pass 



DS 



Fall 



Pass 



DS 



Pail 



-DS- 



Fail 



Pass 



DS 



Fail 



Pass 



Fail 



'13 . 


3 


8 


26 


P21SS 


Fcii'l 


5 


3 


7 ' 


. 25 


~- - - 


• 

Fail 


10 


'6 


5 


19 




Fail 


13 


5 


7 


'15 


Pass 


F&il 


31 


17 


27 


85 



Pass Fail 



*Pass ' 


1 


5 


DS 

Fail 


2" 


32 


*" • 
^ , Pass 


•Fail 


?ass 

DS 
•Fail 




6 


,1 


31 




Pas4^ 




Pass 


7 - 


9 


DS 

Fail 


4 


20 


• * 


Pass 


Fail 


Pass 

DS 
Jail . 


11 


7 


6 


16 




Pass 


Fail 


Pass 

DS 

Fail 


'21 


27 


13 


•99 




-1 


t * 


i 

4 


• 




33 







' Pass Fail 



Pass 



CCI 



Fail 



10 



Pctss * Fail 



Pass 



•CCI 



Fail 



Pass 
CCI' 
Fail 



Pass 



CCI 



Fail 



Pass. 



CCI 



Fail 



2 , 


10 


b 


1 


2'7 




Pass Fail 




8 


7 




3 


22 




Pass 


Pail 


12 


8 




5 


15 










Pass 


Fail 


23 


35 


el 


11 


91 
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For the reproduction tasks ^ the ^e<menc£es and percentages of subjects 
exactly reproducing the various xnatrix arrays are reported in Table 12. For 

• the cross classification I and doi:ible jSferiatioii cases ^ these result patterns 
* are in essential accord with the earlier studies of MacKay et aa. (^970) and 

Hooper et al. (1974). ' , 

. Table 13 presents the nuniber of subjects coznmitting^ placement errors 
-according to the dimensions in question for each matrix type.. Th^ predom- 
inant error category for cross classification I is the color d linens ion; ' 
i.e..^ 65.2 percent of the reproduction. and 67.2 percent of the transposition 
cases (combined grade totals) , respectively. In both the cross classif ica- . 
tion II and double seriation cases there was a tendency to err on the height 
dimension; i.e. ^ 66.0 percent (reproduction) and 61.4 (transposition), for 
the former and latter tasks. These resialts concerning the cross classifica- 

• tion X and double sej^ies t^sks agree with the Hooper, et, al. (1974) data 
anfcl are in contrast to the MacKay (1970) results. 

A final consideration concerns th^ possibility that subjects passing the 
cross classification I task do so by seriating the color .brightness dimension; 
i.^e., yellow , red , and blue. As Table 14 indicates, there was no notable 
tendency for svjbjects to do so; i.e., only 7.4 percent of . the successful repro- 
duction cases and 27.6 percent of the successful transposition cases produced 
a rank-ordered brightness array. ^ 
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TABLE U 



Number of Subjects Who Passed the Cross Classification I 
Reproduction and Transposition Subtasks Without Seriating 
on Brightness of Color Dimension 





Reproduction 


Transposition 


J 


No. 


No. 'Passed 


No. 


No. Passed 


Grade 


Passed 


Without Seriating 


Passed 


Without Seriating 


Pre 


16' 


14 


11, 


6 


K 


15 


12 


12 


7 


1 


21 


20 


15 


12 


2 

• 


29 


29 , 


20 


17 


Combirted ^ 


81 ■ 


75 


58 


42 


Grade 






s 











DISCUSSION 

»■ t 

As predicted, perfc^rmance on all of th^' ittatrix tasks improved signifi-> 
cantly over the present age-grade range. .The growth of these multiplicative * 
logical skills from approximately four to seven^,yeca:s of age is in essential ^ 
agreement with previous normatiye resecurch investigations; e.g., Bruner & 
Kenney (1966), Hooper et al. (1974), Inhelder & Piaget (1964), Loyell et al. 
(1962) , MacKay et al. (1970) , Shantz (1967) , and Smedslund (1964) . In rela- 
tive contrast to the Hooper et al. (1974) results, the present subject san^le- 
appears to demonstrate lower average ability levels. For exa3a:tple, the per- 
centage of subjects for the combined san^le succeeding on the cross classifi- 
cation I (reproduction = 50.6 percent; transposition = 36.3 percent, and 
double seriation tasks (reproduction = 48.8 percent; transposition = 30.0 
percent, are notably lower than the Hooper et.al. (1974) comparison values; 
i.e., cross classification I (reproduction = 64.4 percent; transposition = 
53.1 percent) and double seriation (reproduction = 81.3 percent; transposition 
= 49.4 percent)., In addition, in accord with the eeorlier studies cited above, 
the present results indic^ite a distinct absence of significant performance 

differences ^^sed on sex. 

notably^ greate^r difficulty associated" wrtfi""the txM 
trasted with the reproduction tasks (see Table 9 and Figures 1, 2, and 3) * . 
replicates the previous findings of Brimer 6 Kenney (1966) , Hooper et al. 
(1974), and MacKay et al. "(1970). Additionally, the great majority of '« 
children who succeed on the matrix reproduction tasks, produce an identical 
array; i.e., for the combined age-grade subsan^les 100 percent, 80 percent, 
and 87 percent of the double seriation^ cross classification I, and cross 
classification II cases (cf. Hooper et.al., 1974; MacKay et al., 1970). 

The primary inter-matrix difficulty comparisons were shown in Tables 10 , 
and 11 and Figures 4 and 5. These results agree .with the primary findings of 
Hooper* et al. (1974) with one singular exception; The prese^it relative dif- 
ficulty analyses indicate that there is no difference between cross classifi- 
cation I emd Rouble seriation for the reproduction tasjc set. This case of 
ecpiivalent difficulty was not expected. It should be pointe^4,3b.out, however,, 
that none of (Jie present inter^matxix difficulty patterns agrees with the 
earlier contentions o^ Lagattuta (1970, 1974). 

Insofar as the doti>le ; seriation, and cross classification I contparisons 
€u:e concerned (i.e., ec^iiivaient item difficu|.ties for both tihe reproduction 
an^ transposition case^) , jbie presej|t study Supports the original conclusions 
af Inhelderr 6 Piaget (i.964) . In discussing the probable age dependent^cqtii- 
Sition points for nttatiple' classification and multiple Seriation abili^'es 
they stated: >• ! ^ k > 



Children reach an pperational level in' the miltiplication 
oitseries abofftTTiSie" sSe 

cation,.' . . \ Finally, there are four ; principal "groupings'*-, 
in the logic of classes and xelations, ; corresponding witii 
siii5>le, and multiple classification and -simple and :6' 

* . Pttultipie seriation. It is a most rema^rlcable fact that, ^ 
^ Spite of the^.differencets just noted iti respect, of ecise of ' l 

perceptualization, cd.1 \^pur. structvires become operational 
at roughly the same per^^Dd. There ci^ certain minor dif- 
ferences "depending on .t^p extent to which the, content of 
a problem lends itself, ;t6 imaginal representation, but 
they do not invalidal:ei ^^tir main thesis [Ii^elder & Piaget, 
1964, pp. 278-279]. ^ ^ , ^ • 

Thus, it would a^ppear that the present assessments (slqperior to^the original 
Genevan results since a within-sxabjects ' measiirement design was employed) 
serve to validate, the structxural synchrony eissuft5)tions of Orthodox Piagetian 
theory (cf^ Flavell, 1971; Pinard & Lavurendeau^ a969) . . . ' 

* Yet, an examination of the present overail matrix t^k array does not 
suppoirt this conclusion. If we accept the asfefun^tion that the dovible seria- 
tion, and crpss classification II tasks represent two^ multiplicative logical 
reasoning tasks which "employ identiced. stimi^us materials with distincti^ve 
instructicSnal sets and associated different initial eirrangement^conditixjns, 
then the ,iBarkedly. different task di|ficJaties are indeed notable. Therfe is 
little ,qifestion that the cross classification II tasks (reproduction ^d 
tifanspo'siltion) kre the more difficult task settings in the present assessment 
array. .Of the 6i siaBjects for the combined san^le reproduction totals (see 

Table IQ) who p assed o ne task while fedling the o t her, 69 percent indicate 

cross cleissification II to be the more dif fictilt task. A similar case holds 
for the more difficult transposition teis^s; i.e., of the 40 pasj versus fail 
C2ises, 68 percent show the cross cleissification II case to be significantly 
more difficult. Moreover, we can observe the two cross classification tasks.. 
In the reproducticfti category 70 cases fell into, the pass/fadl category (see 
Table 11) • Of theset 69 percent &how cross classification II to be the more 
difficult task. Similarly, 76 percent of the 46 pass/fail transposition 
jcases indicate cross classification II to be significantly more difficult 
;than the original (MacdCay ©fc 'als.^970) cross classification ccise# 

' Wong (1975) has ^ecentlyfco^^leted a study of children's nimber concepts 
at the. preschool, kindergcurten, and first-grade levels. Measvures of multiple 
classif icatlonv and relationality in matrix formats* were included. It was 
.found that the multiple classification tasks were significaiitily more difficult 
,than the multiple relations (seriation) ,task5 and these distinction's were^most 
notable at the first-grade level. These results cire in essential accord with 
the.,genercd.i2ations of the present investigation and the eairlier findings of 
Hooper et JLU-Jti574) . ' , 

-The*over2LLl. implication *of these resxilts points to a probable case of ^ 
lesser general diffiqolty for mviltiple seriation (relationality^ contract ted 
with miltiple classification concepts. This pattern is substantiated in a 
number of recent investigations of Piagetian relatione^, concept tasks* 
Asses;5ment-. tasks directly bcised upon the four relational gW24?amen?&* (Piaget, 
1972? see- also jPlavell, 1963, jpp. 173-195) have been found to be significantly 
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less difficult than are tasks derived from the classificatory groupemenis 
(Braiperd,. 1972;. Dahoff, in preparation, Wexnreb & Brainerd, 1975). 
The relational understanding embodied irt the traditional transitive ' 
inference task has Jjeen found to be a developmentally earlier acquisi- 
tion than the counterpart concepts of conservation or class inclusion 
CBrainerd, 1973b; Toniolo & Hooper, 19^5) . Moreover, these differential 
- ■"-^ difficulties have been replicated, in instructional studies employ- 
transfer of training designs (Brainerd, 1974; Peterson, Hooper, . ' 
Wan^, & DePrain, in preparation) . it 'has also been found (Brainerd, 
1973^Goncl;tar, '1975; Siegel, 1974) that ordinal number understanding 
Crelatlbnai concept domain) precedes cardinal number mastery (classi- 
^fieatory concept draoain) . Finally, these theoretically relevant item 
difficulty 'patterns hav^ been substantiated in a number of develormental 
acquisition sequences in investigations employing longitudinal assess- 
ment designs (Dihoff , 1975; Gonchar, in preparation; Toniolo & Hooper, 
in prepciration) . . a.. 
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